These clinical signs were consistent with those of a previous report for ryegrass staggers 13) . Ryegrass or fescue straw is a by-product of turf-type grass seed production in the US. Because of restrictions on field burning, grass seed producers, who once got rid of their straw by burning it in the fields after harvest, have been selling it for livestock feed. As mentioned in previous section, fungal endophytes have been introduced into turf-type perennial ryegrass and tall fescue to enhance plant hardiness, pest resistance, and drought tolerance. Therefore, it was expected that most of the imported straw contains endophyte toxins to some degree.
To clarify the cause of disorders in cattle, we examined the suspected straw for the presence of endophytic hyphae (Fig. 2) and lolitrem B. Lolitrem B concentrations in the suspected straws ranged between 972 ppb and 3740 ppb. The threshold levels of lolitrem B for toxicity were reported as 1800-2000 ppb in the total diet 14) . In all cases that we examined, other feeds such as formula feeds were fed with the straw. Therefore, the final concentrations of lolitrem B in the total diets should have been lower than the values indicated above. Even though the concentrations of lolitrem B were lower than the proposed threshold in almost all clinical cases, endophyte-infected perennial ryegrass straw was suspected as the cause of the disorders from the clinical signs and epidemiological findings 15) . The sensitivity of the cattle to the endophyte toxins might be due to differences between strains, ages, 
Measures for the prevention of endophyte toxicosis
We showed that perennial ryegrass straw imported from the US, especially from Oregon, contained endophyte toxins and the toxins are suspected as being the main cause of some clinical disorders. On the other hand, ryegrass or fescue straw demand as feed is growing. Import of rice straw from Taiwan and Korea was banned because of the occurrence of foot and mouth disease in those areas. Ryegrass and fescue straws are imported as cheap alternatives for rice straw. As mentioned in previous section, the threshold levels of endophyte toxins in the straw were proposed by the Oregon State University for the prevention of endophyte toxicosis. As an interim measure for the prevention of the disorders, import companies have been requesting information on the concentration of the toxins. These companies are importing ryegrass straw only when the concentrations of lolitrem B and ergovaline are lower than the proposed thresholds. Fertilizer and Feed Inspection Station of Japan has been monitoring the concentration of endophyte toxins in imported straw. Their survey shows that almost all of imported straw contains toxins lower than the proposed threshold.
Susceptibility of Japanese Black Cattle to Lolitrem B
Despite the measures mentioned in the previous section, we are still facing the ryegrass staggers caused by imported straw. As mentioned in 'Endophyte Toxicosis in Japan', Japanese Black cattle might be susceptible to ryegrass staggers. We performed the feeding experiment to examine the sensitivity of the Japanese Black cattle to lolitrem B by using the perennial ryegrass straw containing 1200 ppb of lolitrem B. Nine Japanese Black cows were divided into three groups. First group was fed the straw ad libitum. They consumed about 6.5 kg of straw a day. Second group received 3 kg of straw a day. Third group was kept as control with the other roughage. All three animals of the first group presented the clinical signs that were observed in the field by the feeding of the straw for 12 to 15 days. One cow which showed falling down was killed at day 15 of experiment for the pathological examination. The remaining two cows were separated from the perennial ryegrass straw at same day. Clinical signs of them were diminished within 2 to 3 days after deprivation of the straw. Three cows of the second group were fed the ryegrass straw half as much as the first group for more than five weeks. They showed no clinical signs for ryegrass staggers. These observation suggested that the female Japanese Black cattle is susceptible to lolitrem B. Furthermore, dilution of the toxins with the other feed stuffs should be effective for the prevention of endophyte toxicosis.
In the winter season from 2001 to 2002, endophyte toxicosis brought by fescue straw was occurred at many farms in Oregon 16) . Professor Craig at the Oregon State University is now analyzing the factors that brought this extreme endophyte toxicosis. Summer in 2001, the Oregon State experienced the worst drought. As the consequence, the cattle were in poor nutrition and in weak condition. Furthermore, the temperatures during the winter were especially cold. The cattle under these conditions might be affected by even lower amount of ergovaline than proposed threshold. As mentioned in previous paragraph, our observation suggested that the female Japanese Black cattle is sensitive to lolitrem B. Therefore, the toxin threshold value proposed by the Oregon State University should be reevaluated.
Public health problem
Another endophyte problem of interest is the public health significance of the endophyte toxins.
In ruminants, ergopeptine alkaloids, such as ergovaline, can be metabolized by the ruminal microflora. Ergot alkaloids are absorbed rapidly as the lysergic acid amide or bio-transformed Mycotoxins 60 Figure 3 . Concentration of lolitrem B in fat tissues of the Japanese Black cows fed endophyte infected perennial ryegrass straw. Cow 1 was fed the straw ad libitum (about 6.5 kg) for 15 days. Cows 2, 3 and 4 were received 3 kg of the straw a day for 5, 13 or 16 weeks respectively. ergopeptine alkaloids 17) . Hill et al. 18) showed that ruminal tissue has ergot alkaloid transport potential.
Transport of alkaloids seems to be an active process. After intravenous administration of ergovaline to sheep, it diminished rapidly from blood 19) . Furthermore, ergovaline can not be detected in the milk of goat received this mycotoxin intravenously 20) . Urine is the primary excretory route of ergot alkaloids in the cattle 17) . These findings are suggesting the low possibility of the contamination of milk with ergot alkaloids.
As for lolitrems, their pharmacokinetics in cattle is unknown. To know the fate of lolitrem B, we determined lolitrem B concentrations in several organs and tissue of the Japanese Black cows fed perennial ryegrass straw. Lolitrem B was not detected in muscle, liver, kidney, lung and cerebrum of the cattle showing the symptoms of ryegrass staggers (a cow of group 1 of the feeding experiment mentioned in the previous section). In contrast, fat tissue around kidney contained 210 ppb of lolitrem B. Small amounts of lolitrem B less than 150 ppb were detected even in the fat tissue of the cattle without clinical signs (group 2 of the feeding experiment in the previous section). This observation indicates that lolitrem B will not accumulate in major edible parts of beef cattle. Therefore, the neurotoxic effect of lolitrem B to human through beef is unlikely. However, further research is needed to make clear the fate of lolitrems in the cattle.
Furthermore, carcinogenicity, mutagenicity, teratogenicity and other toxicities of the chemicals produced by endophyte should be examined to secure the safety of the meat or milk produced by cattle consuming endophyte-infected perennial ryegrass or tall fescue.
